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The findings prescnted in preceding papers indicate the importance 
of  infection  with  hemolytic  streptococcus  in  initiating  rheumatic 
activity.  It is the opinion of the authors that this is not the only 
factor underlying the development  of the rheumatic state.  However, 
a study of other possible contributing factors is handicapped, first, by 
the lack of a suitable experimental aninaal; second, by the absence of a 
laboratory test for detecting thepotential rheumatic subject; third, by 
the uncontrollable variables of the environment in which rheumatic 
patients ordinarily live.  This third difficulty may be partly overcome 
in an  isolated rheumatic colony.  If,  under these conditions, there 
occurs an epidemic infection with a  single effective agent, it may be 
possible to study the influence of other factors and their relation to the 
development of rheumatic activity. 
The epidemic of rheumatic fever at q~t~c Pelham Home presented 
an opportunity for studying the respor~ ~  a rheumatic group living 
-'?~  . 
under  similar  conditions and  exposec~  refection with  hemolytic 
streptococcus of a  single type.  The authors have paid  particular 
attention to assessing the significance of the following factors in their 
relation to this outbreak:  (a) housing conditions, (b) diet, (c) physical 
* The work reported in this communication  was carried out under The Kellogg 
Foundation Fund. 
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status  of  the  patient,  including  sexual  development,  (d)  state  of 
rheumatic convalescence, (e) susceptibility to  infection, (]) constitu- 
ents of the throat flora, (g) antistreptolysin titer previous to infection, 
(h)  disease  pattern  characteristic  of  the  subject,  (i)  character  of 
streptococcus strain,  (3") immune response of the host as judged by 
the  development of  antistreptolysin.  The  purpose  of  the  present 
paper is to record the responses of this group exposed to an epidemic 
infection and to assess the factors significant in the different types of 
clinical reactions. 
The Clinical  Characteristics of the Rheumatic Outbreak 
The clinical manifestations that characterized this outbreak included 
almost  every rheumatic phenomenon which has  been  seen  by  the 
authors.  Disease activity was intense in eleven patients.  Pain in the 
lumbar region was the most conspicuous symptom, and pyrexia was 
marked.  Eight of these severe attacks were accompanied by peri- 
carditis, the signs appearing in each instance between the 8th and 14th 
day of the attack.  The development of anemia was striking in all 
eleven  individuals,  although  with  the  exception  of  frequent  mild 
epistaxis there was no evidence of bleeding.  In five members of this 
group  the hemoglobin readings  fell from  80-90  per  cent  to  40-50 
per cent.  Three of these individuals had pleurisy and the signs of 
transitory pulmonary solidification.  In two, there was hyperpyrexia 
with temperature of 106°F.  All eleven had marked cardiac embarrass- 
ment.  Two individuals during the early part of the disease attack 
developed edema of the face (see example in Figs. 2a and b)  which 
appeared and disappeared frequently and rapidly, although nothing 
abnormal was found in the urine except a  few erythrocytes.  Rheu- 
matic nodules were found in five of this group.  The first three individ- 
uals to become ill, who had °~ccupied adjoining beds, who, on March 
30, had recovered from inflt: ~  accompanied by secondary hemolytic 
streptococcus infection, and Who had developed rheumatic fever on 
April 10, awoke on May 13 and found subcutaneous nodules symmet- 
rically distributed on each hand.  When they had been examined on 
May 11, no nodules had been detected.  Two other individuals of this 
group also developed nodules about 40 or 50 days after the onset of 
rheumatic symptoms. 
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terized by less cardiac embarrassment, absence of signs of pericarditis, 
moderate fever, severe muscle pains, chorea,transitory cardiac arrhyth- 
mias and disappearance of all manifestations within  1 month.  Seven 
rheumatic patients and one child with congenital heart disease escaped 
all rheumatic symptoms.  The responses of the 24 rheumatic subjects 
in relation to their infections are presented in Table I. 
The rapidity of the sedimentation of erythrocytes closely paralleled 
the clinical  severity of the attacks  (1-3).  The hourly readings,  for 
TABLE  I 
The Responses of Twenty-Four Isolated Rheumatic Subjects to Epidemic Upper 
Respiratory Infection 
Response of host 
Severe rheumatic attack 
Mild rheumatic attack 
Escaped rheumatic attack 
No rheumatic symptoms 
Type Of preceding respiratory infection 
Acute  infection  with 
hemolytic  strepto- 
coccus 
Hemolytic  streptococ- 
cus present in throat 
Hemolytic  streptococ- 
cus absent from throat 
Following  influenza 
Independent  of  influ- 
enza 
In absence of influenza 
Following influenza 
Independent  of  influ- 
enza 
Following influenza 
In absence  of influenza 
* One atypical attack. 
those with severe attacks, lay between 90 and  150 ram. and the read- 
ings for those with mild or abortive attacks ranged from 30 to 75 ram. 
In  contrast,  the  patients  who  escaped  clinical  manifestations  of 
rheumatic activity showed little increase in their sedimentation  rates. 
The readings in these individuals were:  14, 19, 20, 30, 31 and  40.  In 
summary, the clinical picture included almost all recognized rheumatic 
phenomena, especially those which characterize intense activity of this 
disease process.  The  clinical  observations and  blood  sedimentation 
rates are summarized in Table II. Summary of the Clinical Histories of Patients 
Name 
Acconero 
Allen, G. 
Allen,  H. 
Bourie 
C~mp~U 
Carroll 
Cleary 
Curnan 
Davis 
Delahanty 
Doran 
Earls 
Fay 
Ferrara 
Gamel 
Grabeck 
Goch 
Gross 
Grossman 
Gunning 
Hudson 
Hallahan 
Kienzle 
Kiernan 
Libera 
Marten 
McMahon 
Patterson 
Raimonde 
Ryan 
Stravelli 
Sucich 
Tortes 
Westwater 
Wflliamson 
Fall 1933 
Clinical  e__  onditio___.~n  E.S..___R. 
Subsiding chorea  [ 
Subsiding carditis ~ 16 
Subsiding chorea 
Subsiding cardifis 
"Colds"  ! 
In N.Y.C.  Sub- 
siding carditis 
In N. Y.C.  Good 
health 
Good health  I 
Good health 
Good health 
In N.Y.C.  Good 
health 
Good health 
Good health 
Good health  i 
"Colds" 
Good health 
Good health 
In N.Y.C.  Sub- 
siding attack 
Good health 
i 
InN. Y.C.  Sub-I 
siding carditis 
In N. Y. C.  Good 
health 
Good health 
In N.Y.C.  Good 
health 
"Cold" 
Good health 
Good health 
Good health 
Good health 
Good health 
Subsiding carditis 
Subsiding carditis 
Good health 
Good health 
Good health 
"Cold" 
Subsiding carditis 
Good health 
Winter 1934 
Clinical condition  E.S.R. 
Good health  10  R.L Ap 
Good health  7  R.I. Ap 
Good health  15  R.I. M~ 
In  N.  Y.  C.  Good  health. 
In N.Y.C.  Acute rheumatic attack. 
hist. unknown 
4  "Colds," vague mild symptoms 
13  "Colds" 
6  "Colds" 
In N.Y.C.  Good health 
Resp. 
Admittc 
phary 
130  Admitt~ 
6  R.I. Ap 
6  Dischar 
6  Good h~ 
Admitt¢ 
phary 
In N. Y.C.  Rheumatic attack  55  Admitt~ 
10  Good health, discharged P.H. January 
6  Chicken pox  7  R.I. M~ 
17  "Colds"  13  R.I.  M 
attad 
7  Good health  R.I. M, 
10  Good health  R.I. M 
Subsidingrhenmafism.  Admitted Mar. 14P.H.  25  R.I. Ap 
15  "Cold"  18  R.I. Ap 
Admitted P.H. Feb. 25.  Subsiding carditis  14  R.I. M~ 
Resp.  100  Admitt~  In N. Y.C.  Severe rheumatic attack. 
hist. unknown 
22  "Colds,"  mild, vague symptoms  6  R.I.  M 
Apr. 
In N. Y.  C.  Rheumatic attack.  Resp. hist.  115  Admittc 
unknown 
10  "Cold"  10  R.I. M: 
23  "Colds," vague rheumatic Symptoms  15  Good h, 
Good health  8  R.I. Ap 
Good health  12  R.I. Ap 
13  Chicken pox  21  Dischar 
4  Good health  15  R.I. Ap 
30  Good health  5  R.I. M-" 
24  "Cold"  33  R.I. M~ 
attac~ 
2  "Cold"  12  R.L AI: 
18  Good health  11  R.L Ap 
Admitted P.H. Mar. 1.  Congenitalheartdisease  8  R.I. Mt 
5  Chicken pox  10  R.I. M~ 
55  Symptom-free  10  R.I. Ms 
12  "Cold"  4  R.I. Ap 
E.S.R.  =  erythrocyte sedimentation rate.  R.I.  =  respiratory infection, details in text.  P.] 
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elham Home  from September, 1933-August, 1934 
Spring 1934  Summer 1934 
Clinical  condition  Clinical  condition  E.S.R  E .S  .R 
Escaped attack  65  Good health 
flowed by good health  31  Good health 
Fulminating rheumatic attack Apr.  12  130  Continued  severe  rheumatic  activity with  pro- 
gressive carditis 
May 20 with rheumatic attack following  103  Symptom-free 
with subsiding rheumatism  8  Symptom-free 
[owed by good health  14  Good health 
P.H. Mar.  I0.  Good health  Good health 
19  Good health 
May 14.  Rheumatic attack following  110  Subsiding carditis 
Subsiding rheumatism  50  Symptom-free 
Rheumatic attack Apr. 12  100  Subsiding carditis 
R.I.  Apr.  22-28.  Severe  rheumatic  108  Continued carditis 
• Y.C.  Severe rheumatic attack Apr. 4  125  Subsiding carditis 
Fulminating rheumatic attack Apr. 10  130  Continued carditis 
Mild rheumatic attack May 8  75  Symptom-free 
Fulminating rheumatic attack May 9  125  Continued severe rheumatic activity, progressive 
carditis 
:ca and ? carditis May 16  40  Symptom-free 
r. 12.  Subsiding carditis  9  Subsiding carditis 
R.I.  Apr.  10-13.  Rheumatic  attack  147  Subsiding carditis 
:. 16.  Subsiding rheumatism  80  Symptom-free 
Fulminating rheumatic attack Apr. 7  110  Death from activity of the rheumatic process 
20  Good health 
[owed by good health  30  Good health 
[owed by good health  41  Good health 
7  Good health 
Huscle pain Apr. to June  25  Good health 
Fulminating rheumatic attack June 8  110  Death from activity of the rheumatic process 
t.I. May 3-6.  Fulminating rheumatic  127  Continued severe rheumatic activity with carditis 
larged P.H. Apr. 10 
~caped attack  66  Mild symptoms 
wed by good health  40  Good health 
Mild rheumatic symptoms Apr. 9  30  Symptom-free 
Fulminating rheumatic attack Apr. 11  90  Subsiding carditis 
minating rheumatic attack Apr. 17  138  Subsiding carditis 
14 
8 
88 
30 
8 
15 
22 
8 
15 
33 
20 
65 
25 
80 
8 
12 
23 
8 
12 
10 
13 
20 
!120 
47 
8 
17 
4O 
.m Home. 
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1.  The  Clinical  Histories  of Patients  Developing  Severe Rheumatic 
Attacks at The Pelham Home.--The first group of patients consists of 
eleven individuals who were symptom-free in  March,  1934,  and  who 
developed  severe  rheumatic  recrudescences  following  hemolytic 
streptococcus infection with organisms of a  single type.  The follow- 
ing  clinical  histories  and  autopsy findings  illustrate  the  character  of 
these  attacks. 
Patient Westwater, a  13 year old girl, born in England of British parents, was 
admitted to The Pelham Home in November, 1933.  She was convalescing  from 
a  recent  rheumatic  attack  and  had  advanced  mitral  stenosis.  The  disease 
picture began with a severe attack of polyarthritis in Birmingham, England, at 
the age of 7.  At that time the patient's sister contracted this disease,  and the 
mother died of it.  Shortly after arriving in New York she developed another 
rheumatic attack and was admitted to St. Vincent's Hospital.  The manifesta- 
tions  included  carditis,  muscle  pains,  epistaxis,  polyarthritis,  purpura,  pallor, 
wasting and subcutaneous nodules. 
Her course at The Pelham Home was one of slow improvement until the winter 
of 1934 when her progress became rapid.  On Mar. 20 she was in good condition 
when she contracted influenza  which  was complicated by pharyngitis.  She was 
then symptom-free until Apr. 7 when she complained of painful joints.  Within 
2  days this patient developed a  severe rheumatic attack.  Pain in  the  lumbar 
region was especially marked; epistaxis, muscle pains, polyarthritis were severe; 
the body temperature was elevated to l02  °.  The symptoms increased in intensity ; 
pallor became marked; the signs of cardiac insufficiency  followed.  The liver be- 
came markedly enlarged during the 3rd week; dyspnea and orthopnea increased 
in severity.  On May 13 rheumatic nodules were detected.  The hemoglobin fell 
to 60 per cent.  Nausea and vomiting became uncontrollable, and the patient was 
transferred to the Presbyterian Hospital, where she was found to have marked 
electrocardiographic changes.  Activity of the disease process continued through- 
out the summer months. 
Bacteriological  Fimli~tgs.--The  throat  flora  was free  of  hemolytic  streptococcus 
until  Mar. 26  when, at  the  time  of  pharyngitis,  the  epidemic  type  of  this  organism 
(Strain  EpEW)  appeared in  moderate numbers. 
Impression.--A  rheumatic subject, while convalescent from a recent 
rheumatic  attack,  contracted  influenza.  This infection was compli- 
cated by hemolytic  streptococcus pharyngitis and was followed by a 
severe rheumatic  recrudescence. 
Patient Raimonde, a girl of 7, born in New York City of Italian parents, was 
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covering from a rheumatic attack with auscultatory signs of involvement of the 
mitral valve.  The disease  picture had been vague in  the  past.  She  was not 
known to have rheumatic disease when she was admitted to the Babies Hospital 
in  October,  t933,  because of abdominal pain.  While  under  observation there 
she  developed frequent,  severe epistaxis and pyrexia up  to  105  °,  tachycardia, 
secondar~ anemia and a loud systolic apical murmur.  Recovery was rapid. 
Her course at The Pelham Home was one of steady improvement throughout 
the winter  and spring months.  On Mar.  26 she contracted influenza  and was 
prostrated for 3 days.  Recovery seemed complete, and she was attending school 
when, on May 3, she had a severe pharyngitis, which persisted for 4 days.  Al- 
though she was symptom-free, bed rest was maintained during the following nine 
days.  On May 16 her body temperature rose to 102  °.  This was followed by a 
severe rheumatic  attack  characterized by pain in  the back, nausea,  vomiting, 
muscle pains, joint pains, marked dyspnea and orthopnea.  A pericardial friction 
rub was detected on the 10th day, and she was transferred to New York Post Grad- 
uate Hospital.  There her condition became worse.  Intense pallor developed.  10 
days later she was critically ill with hyperpyrexia, temperature 105.6  °.  Symp- 
toms and signs of myocardial failure were more marked, and secondary anemia 
became striking.  She remained dangerously ill during the summer months when 
she was taken home from the hospital during continued rheumatic activity, against 
the advice of her physician. 
Bacteriological  Findings.--The throat flora was free of hemolytic streptococcus 
until May 3 when, at the time of pharyngitis, the epidemic type of this organism 
(Strain EpER) appeared in moderate numbers. 
Impression.--A rheumatic subject who had recently experienced an 
attack of carditis contracted influenza without sequelae.  Five weeks 
later she became infected by hemolytic streptococcus and developed 
a fulminating and perhaps fatal rheumatic recrudescence. 
Patient Fay, an 11 year old girl born in New York City of Irish parents, was 
admitted to The Pelham Home in March, 1933.  At that time she was recovering 
from a rheumatic recrudescence  and had the signs of mitral stenosis.  The disease 
picture  had included  many previous  attacks of rheumatic  fever with  a  great 
variety of manifestations.  She had polyarthritis at 6 years, severe carditis at 8 
years, polyarthritis at 9 years, severe epistaxis,  polyarthritis and pericarditis at 
10 years of age. 
Her course at The Pelham Home was not marked by striking improvement un- 
til November, 1933.  During the early part of 1934 she was in excellent condition. 
On Mar. 20 she contracted influenza  and on Apr. 22 acute tonsillitis.  Recovery 
was  rapid,  and  she  remained  symptom-free until  May  17.  On  that  day  the 
rheumatic  attack began with  pyrexia, polyarthritis  and muscle pains.  Active 
carditis continued throughout the summer months. 
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January and February, but was free of hemolytic streptococcus  during  March 
and most of April.  This organism was not recovered at  the  time of influenza; 
however,  with  the  onset of tonsillitis,  the epidemic type of this organism  (Strain 
EpEF)  appeared  in  predominance,  remained  prominent  for 3 weeks and then 
disappeared from the throat cultures. 
Impression.--A rheumatic subject contracted influenza and escaped 
a  rheumatic  recrudescence.  Acute  tonsillitis  1  month  later  was 
followed  after  an  interval of  14  days  by a  severe  rheumatic  attack 
from which she is slowly recovering. 
Patient Hallahan, a 14 year old girl born in New York City of Irish parentage, 
was admitted to The Pelham Home in December, 1929, with the physical signs 
of mitral stenosis.  The disease picture had been characterized by growing pains, 
mild joint pains and two mild attacks of rheumatism with slight pyrexia, pre- 
cordial pain, dyspnea and muscle pains. 
Her course at The Pelham Home was in general satisfactory.  She had a mild 
rheumatic attack during the winter of 1932.  In 1933 and at the beginning of the 
present  study she was in  excellent  health.  On Mar.  24,  1934, she contracted 
influenza  complicated by pharyngitis.  On Apr.  7,  12 days later, a  fulminating 
rheumatic attack began with epistaxis and a  temperature of 104.6°F.  This was 
followed  10 days later by the onset of auricular fibrillation.  Severe pain in the 
back,  mild  polyarthritis,  muscle  pains,  nausea  and  vomiting,  cephalalgia,  in- 
creasing dyspnea and orthopnea, intense pallor and anxiety comprised the clinical 
picture.  Rheumatic nodules appeared on May 13 at a  time when the intensity 
of the disease appeared to be subsiding.  Another cycle was accompanied by such 
severe and prolonged vomiting that it was necessary to transfer the patient tothe 
Presbyterian Hospital for treatment.  There it was found that she had developed 
a  secondary  anemia  and  electrocardiographic  changes,  auricular  fibrillation, 
marked right preponderance and inversion of T  wave in the second lead.  Her 
condition was improving steadily when on May 30,  1 week after admission, she 
complained of severe abdominal pain, became apprehensive and died suddenly 
12 hours later. 
Bacteriological  Findings.--These  findings  may be summarized as follows:  The 
throat flora was free of hemolytic streptococcus during 1933 and  1934 until she 
contracted influenza  at  the end of March.  This infection was complicated by 
pharyngitis, with hemolytic streptococcus of the  epidemic type (Strain  EpEH) 
in preponderance. 
Gross Changes 
The  autopsy,  performed by Dr.  Dorothy  Andersen,  is  summarized  briefly. 
The gross  findings  were striking and almost identical with those of a patient pre- 
viously reported  (4). 1  There was a  moderate amount  of blood-tinged fluid  in 
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the body cavities.  The heart,  and especially the right ventricle, was markedly 
enlarged.  There was roughening of the surface over the auricles and strands of 
fibrin were found between the auricular appendage and aorta.  Fresh rheumatic 
vegetations were present  on all  of the heart  valves.  The striking pathological 
change  was  multiple  hemorrhages  in  the  fatty  tissues.  The  condition  in  the 
abdominal cavity resembled an extensive purpura.  The omentum and mesentery 
were mottled red,  studded with hemorrhages,  varying in size from petechial  to 
6 nun.  These were especially marked in the mesocolon.  (See Fig. 1.)  Likewise 
the surface of the heart was remarkable in its  appearance because of the great 
number of petechial hemorrhages.  They were numerous around the vessels,  in 
the fat and confluent in the auriculoventricnlar groove.  Several of the tracheo- 
bronchial lymph nodes were large, edematous, deep purple in color, surrounded by 
hemorrhage. 
Microscopic Changes 
The microscopic studies showed two types of changes, those of specific histologi- 
cal character and those associated with the multiple hemorrhages.  Sections from 
each of the valves showed the characteristic  picture  of acute  rheumatic  endo- 
carditis.  In a clot from the pericardium there were strands of material resembling 
fibrin and cells  resembling Aschoff cells.  The changes in the heart muscle were 
widespread.  Aschoff bodies  were  numerous  and  large.  In  some  areas  frag- 
mented  collagen alone was seen; in others  there were just  Aschoff cells;  in the 
neighborhood of some of the large Aschoff bodies the muscle fibers were destroyed. 
There was a typical auriculitis.  The walls of many small vessels were thickened. 
The changes in a  branch of the coronary artery were marked.  The intima was 
thick, irregular and contained many large nuclei resembling those of Aschoff cells. 
At one point a  large collection of these cells  was oriented at right angles to the 
surface.  There was also thickening of the adventitia of this vessel and destruction 
of the muscularis. 
The widespread distribution of hemorrhages was striking.  Many large hemor- 
rhages  were present  in  the  epicardial  fat.  Collections  of  polymorphonuclear 
leucocytes were seen.  A similar picture was seen in the adventitia of the aorta, 
where  in  a  few  instances  the  cells  surrounded  small  areas  of  pale,  somewhat 
eosinophilic homogeneous material.  The alveoli of large areas of the lungs were 
filled with fresh red blood cells.  There were hemorrhages into the liver columns, 
in the kidney pyramids and in the bone marrow.  The most widespread of all 
were in the omentum.  Here, also, there were accumulations of polymorpbonuclear 
leucocytes and sometimes a small necrotic area in the center of the leucocytes. 
The tonsillar tag contained exudate and  Gram-positlve  cocci.  (See  Fig.  4.) 
The  bronchial  lymph  nodes  were  large,  congested,  edematous,  studded  with 
hemorrhages  containing a  few  polymorphonuclear  leucocytes.  (See  Fig.  5.) 
Gram stains of fluid from the center of the glands  contained a  large  number of 
Gram-positive cocci in chains with many degenerating forms, which did not grow 
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Impression.--A  rheumatic subject in excellent health, under close 
observation for 5 years, contracted influenza which was complicated 
by pharyngitis with hemolytic streptococcus.  After being symptom- 
free for 10 days the patient developed a fulminating attack.  While 
apparently recovering, she died with severe abdominal pain, which 
necropsy showed to be due to hemorrhage. 
Patient Patterson, a 7 year old girl born in New York City of Irish parents, 
was admitted to The Pelham Home on Sept.  23, 1933, while recovering  from an 
attack of rheumatic fever  with carditis.  The disease picture had  appeared  in 
the spring months of 1933 and was characterized  by fatiguability,  growing pains, 
listlessness, mild fever, abdominal pain and, on physical examination,  tachycardia, 
cardiac  hypertrophy with  a  mitral bulge  and the  auscultatory signs  of mitral 
stenosis. 
Her course at The Pelham Home was one of steady progress  until May 15, 
when she contracted severe pharyngitis.  On June 8 a  rheumatic attack began 
with fever,  generalized urticaria and muscle pains.  She was transferred  to the 
Babies  Hospital  2  days later  in  good condition  with  only mild  pyrexia.  The 
intensity of the disease increased each day.  Pallor became marked; then drowsi- 
ness; on the 10th day a pericardial  friction  rub was detected;  suddenly  extreme 
pulmonary embarrassment  appeared overwhelming.  She was placed in an oxygen 
tent with moderate temporary relief of the extreme  cyanosis.  Death occurred 
on June 22, at the end of the 2nd week of the attack. 
Laboratory Findings.--Hemolytic streptococcus  in  small  numbers  had  been 
present  in the throat flora during the fall and early winter months (Strain  NEP) 
but absent during April and May until the epidemic type (Strain EpEP) appeared 
in large numbers  at the onset of pharyngitis.  The hemoglobin fell  10 per cent 
and the red blood count 1 million during the first 5 days in the hospital. 
Gross Changes 
The  autopsy,  performed  by Dr.  Beryl  Paige,  is  summarized  briefly.  The 
gross findings were characteristic  of a number of patients dying at the end of the 
first cycle of a rheumatic attack.  The heart was large, and its outer surface was 
roughened  by extensive  fibrinous  exudate  and delicate  fibrous adhesions.  The 
mitral valve was thickened  and showed rows of fresh verrucae  along the leaflets. 
The chordae tendineae  were thickened,  shortened  and pearly gray.  There  were 
tiny hemorrhages in the mesentery,  along its attachment to the terminal  portion 
of the ileum, about the rectum and in the retroperitoneal  tissue.  The lungs were 
heavy.  There was a fine deposition  of fibrin on the pleuraI  surface.  All lobes 
were  deep  beefy red,  firm,  moist  and  on  section  slightly  granular,  containing 
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Microscopic Changes 
The microscopic studies showed specific  lesions in the mitral valve, left auricle, 
left ventricle and pericardium.  There was a central necrosis about the efferent 
veins of the liver lobules and  accumulations of polymorphonudear  leucocytes. 
(Fig. 3.)  No histological signs of passive congestion were found in other organs. 
The  histologlcal changes in  the  lungs were extensive and  striking.  (Fig. 6.) 
On the pleural surface there was a layer of fibrin.  The alveoli were filled with 
coagulated fluid.  Some  were lined with a wide, eosinophilic hyaline membrane 
and many contained polymorphonudear  leucocytes.  In many of the lumina of 
the capillaries in the alveolar walls were heavy masses of hyaline material which 
gave the staining reaction of fibrin.  In these regions many of the nuclei in the 
alveolar walls were pyknotic,  fragmented or distorted  into bizarre  forms.  The 
interlobar  septa  were edematous, and  scattered  leucocytes were present  in the 
interstices of the areolar tissue.  The lymphatics were dilated.  The  sinuses of 
the bronchial lymph gland were dilated, filled with polymorphonudcar  leucocytes, 
red blood cells and large mononudear  cells showing erythrophagocytosis. 
Impression.--This child was a  rheumatic subject who had  recently 
experienced  her  first  attack.  She  was  in  good  condition,  escaped 
influenza at The Pelham Home but later contracted a throat  infection 
with the highly effective strain of hemolytic streptococcus associated 
with  this  epidemic.  The  rheumatic  recrudescence  appeared  late, 
nearly 4 weeks after infection and 13 days after the rise in antistrepto- 
lysin  titer.  It was characterized  by those manifestations  which are 
associated with intense activity of the rheumatic  process and  ended 
fatally with pulmonary solidification. 
These two individuals died during activity of the rheumatic process. 
Neither had signs of chronic passive congestion nor symptoms of car- 
diac insufficiency.  Death occurred in the first patient dt~ring the third 
cycle, and the anatomical findings indicated that the sudden fatality 
was  associated  with  hemorrhage.  Bleeding  occurred  mostly  in  fat 
and except for the lung did not involve parenchymal tissues.  In the 
second patient,  death resulted from the hemorrhagic  consolidation of 
almost the entire lung tissue.  Neither arterioles nor capillaries showed 
inflammation  or  other  changes.  Lesions  with  specific  histological 
character were present in great numbers through  the hearts  of both 
individuals.  The  anatomical  findings indicated  the intensity  of the 
disease process and suggested the type of tissue changes which were 
presumably taking place in the organs of the nine other patients with 
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The above clinical histories are typical of the eleven individuals who 
developed severe rheumatic attacks during the epidemic at The Pelham 
Home.  The patients responded to infection with striking uniformity. 
All had severe carditis; eight developed signs of pericarditis between 
the 10th and 14th day of the attack; in three children subcutaneous 
nodules appeared symmetrically distributed over both hands on the 
48th  day  after  infection.  Some of  the  conditions underlying  the 
development of these rheumatic attacks were common to the group; 
others differed from one individual to another. 
(a)  Housing.--All  of  these  patients had  resided  at  The  Pelham 
Home, Pelham Manor, New York, for at least 6 months previous to the 
epidemic infection.  They had been given the best living conditions 
possible in the suburban environment of New York.  Their home was 
clean, dry, well lighted and well ventilated.  An even indoor tempera- 
ture, proper clothing, freedom from exposure to inclement weather and 
adequate rest were maintained throughout the period of observation. 
All of the children had attended school in one room of the  building 
where the transmission of respiratory infection may have been facili- 
tated.  They were  all  subject  to  the  spring climate of  the North 
Temperate Zone. 
(b)  Diet.--The entire group of patients were on a regular diet.  This 
included  three  large  meals  and  extra  milk.  The  meals  were  well 
balanced,  and  the children were required  to  eat  all  of  their  food. 
Oranges  and  fresh  vegetables  were  served  each  day.  The  under- 
nourished children received cod liver oil.  All of the children gained 
weight and most of them were developing a good state of nutrition at 
the time of the rheumatic outbreak. 
(c)  Physical Status.--No two individuals were in the same physical 
condition.  Patients HaUahan  and Westwater  had passed puberty. 
Menstruation had not begun in the other children.  Five had experi- 
enced many attacks of carditis and had advanced heart disease (West- 
water,  Gamel,  Goch, H.  Allen, Williamson).  Four  individuals had 
only the early  signs of cardiac  involvement (Raimonde, Patterson, 
Gunning and Earls).  Two other patients (Fay and Hallahan)  also 
had signs of moderate heart involvement; but their  general robust 
appearance was strikingly different from the group of five with ad- 
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for  5  years,  appeared  to  be  the  one  patient in  excellent physical 
condition. 
(d)  State of Convalescence.--Nine  of the patients mentioned above 
were in a  convalescent stage, recovering from attacks in 1933.  Fay 
and Hallahan had been symptom-free for more than 1 year. 
(e)  Susceptibility to Infeaion.--All  of the group had contracted the 
common cold at some time during their stay at The Pelham Home. 
None  of  them  seemed  unusually  susceptible  or  immune  to  upper 
respiratory tract infections. 
(f)  Character of Throat Flora.--The throat flora of the group had in 
most instances been free of pathogenic organisms before the epidemic. 
Prior to March only two patients carried hemolytic streptococcus in 
the throat flora.  In these individuals, Fay and Patterson, the carrier 
strain  (NEP)  was present  in  moderate  numbers during  the  wintelr 
months, but disappeared about 3 weeks before the epidemic. 
(g)  Level of Antistreptolysin  Titer Previous to Infection.--The  anti- 
streptolysin titers of these eleven patients were approaching natural 
level at the time of the epidemic.  Titers were moderately elevated 
in two individuals.  None had high titers prior to the epidemic.  See 
Text-figs. 6 and 7, pages 153 and 154, Paper II. 
(h)  The Disease  Pattern Characteristic  of the Subject.--All  of these 
individuals  had  in  the  past  experienced frank  attacks  with  heart 
involvement.  They seemed highly susceptible to rheumatic cardifis. 
The recrudescences at The Pelham Home were of a similar character 
but more intense than any of their previous attacks. 
(i)  Type of Infectious Agent.--All  of these patients appeared to be 
infected with a  single type of hemolytic streptococcus (this was not 
proven in the case of Gamel) which was a strong toxin producer and 
highly pathogenic for mice.  In seven of the group the streptococcus 
infections complicated influenza.  In Raimonde and Fay the strep- 
tococcus  infections  occurred independently of influenza.  Goch and 
Patterson  escaped  influenza  entirely.  In  all  eleven  patients  the 
organism was highly effective and strikingly different from the non- 
effective strain which had been prevalent in the throat flora during the 
winter months. 
(j)  Immune Response  of the tIost.--All  eleven patients developed a 
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rheumatic attack.  With the exception of Patterson who died early 
in the attack, the titers reached unusually high levels.  See Text-figs. 
6 and 7, pages 153 and 154, Paper II. 
2.  Summarized  Clinical Histories of Patients  with Mild Rheumatic 
Attacks Following Hemolytic Streptococcus Infection.--Three  children 
became infected with the epidemic type of hemolytic streptococcus and 
developed rheumatic symptoms which, although definite, were mild. 
Patient Grabeck, with mitral stenosis and a history of vague rheumatic 
symptoms, escaped influenza but had a mild pharyngitis with hemo- 
lytic streptococcus of the epidemic type during the 2nd week in April. 
This was followed after 10 days by a rise in the blood sedimentation 
rate to 75 ram., and evidence of rheumatic activity.  All symptoms 
and signs disappeared in 2 weeks; but the sedimentation rate remained 
elevated for 6 weeks.  Patient Gross,  a  rheumatic subject who had 
previously had chorea and carditis with transitory auricular fibrilla- 
tion,  escaped all symptoms of respiratory infection.  However, the 
epidemic type of hemolytic streptococcus appeared in the throat flora 
during the  1st week of May.  This was followed 2  weeks later by 
chorea, a moderate rise in the blood sedimentation rate and paroxys- 
mal  auricular  fibrillation,  with  symptoms  of  cardiac  insufficiency. 
Patient Tortes, a rheumatic subject who in the past had experienced 
mild polyarthritis and vague cardiac symptoms, contracted influenza 
on Mar. 23.  Hemolytic streptococcus appeared in the throat flora a 
few days later.  On Apr.  9  she developed mild rheumatic activity, 
with symptoms persisting for 3 weeks.  The blood sedimentation rate 
rose only moderately during the period of symptoms.  The antistrep- 
tolysin titer curves of these three patients are presented in Text-fig. 
5, page 152, Paper II. 
Unlike the first eleven patients, these three children had only mild 
recrudescences.  There was no detectible difference between the  two 
groups in respect to housing, diet, physical status, state of convales- 
cence, susceptibility to infection, character of the throat flora prior to 
infection  or  type  of  infectious  agent.  These  three  children  were 
infected with the epidemic type of hemolytic streptococcus, which in 
one instance complicated influenza.  There were two detectible differ- 
ences,  the  character  of  their  previous  rheumatic  attacks,  and  the 
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children had had frank attacks but had either experienced mild rheu- 
matic symptoms or had developed the early signs of heart disease 
insidiously.  Although they were infected at the same time with the 
same type of agent as the preceding group,  they developed only a 
moderate elevation of antistreptolysin level. 
3.  Clinical Histories of Patients Escaping Rheumatic Attacks at The 
Pelham  Home.--Four  children  experienced  clinical  infection  with 
hemolytic streptococcus of this epidemic type, yet failed to develop 
rheumatic  manifestations.  Like  the  preceding  group  none  had 
experienced severe rheumatic attacks in the past.  One patient had 
only congenital heart disease; one was an atypical rheumatic subject; 
two had had many mild rheumatic manifestations but little cardiac 
damage. 
Non-Rheumatic Subject Who Had No Rheumatic Symptoms Following 
Hemolytic  Streptococcus  Infection.--Patient  Sucich was a  child with 
congenital heart disease who had at no time manifested any rheu- 
matic  symptoms.  She  escaped  influenza  at  The  Pelham  Home; 
however, on May 5 she contracted pharyngitis with the epidemic type 
of hemolytic streptococcus (Strain EpS).  This infection was accom- 
panied by a rise in the blood sedimentation rate to 40 rnm.  Recovery 
was rapid, and she developed no evidence of rheumatic disease, al- 
though the antistreptolysin titer rose at the time that the rheumatic 
recrudescence  ordinarily occurs. 
An  Unusual Rheumatic Subject with an Atypical Response to Infec- 
tion with Hemolytic Streptococcus.--Patient McMahon had experienced 
many attacks of mild polyarthritis without ever developing carditis. 
She  carried hemolytic streptococcus in  the  throat  flora during the 
winter  and  spring  months.  On  April  11  she contracted influenza, 
followed  by  severe  bronchitis.  The  epidemic  type  of  hemolytic 
streptococcus appeared in the throat cultures at that time along with 
the  carrier strain.  On April  21  she developed severe polyarthritis. 
For a week the temperature exceeded 104  ° almost every day.  Exqui- 
site tenderness of the joints and muscles and marked pyrexia were not 
affected by large doses of sodium salicylate.  The sedimentation rate 
during this acute illness remained low.  However, all symptoms dis- 
appeared in 2 weeks and the heart appeared perfectly normal at the 
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unrestricted  physical  activity.  It  has  been  difficult  to  determine 
whether this child is really a rheumatic subject.  Her clinical response 
has always been unusual, resembling that of an elderly person.  Her 
case is classed as mild rheumatism in Table I, page 161. 
Rheumatic Subjects Who  Escaped Recrudescences Following Hemo- 
lytic Streptococcus Infection.--Patient  Acconero, a  child with mitral 
stenosis, was known to be a rheumatic subject.  She had harbored a 
carrier strain of hemolytic streptococcus in her throat during the entire 
winter.  On April 13 she contracted a  respiratory infection, and the 
epidemic type of hemolytic streptococcus appeared in her throat flora. 
This was followed by a rise in the blood sedimentation rate to 65 ram. 
2 weeks later the sedimentation rate returned to a normal level.  This 
child, who in the past had had frequent mild rheumatic symptoms, did 
not manifest definite evidence of rheumatic activity.  Patient Stra- 
velli, a  child with mitral stenosis, was also  known to be a rheumatic 
subject.  Likewise, she had  carried hemolytic streptococcus in  the 
throat flora during the late winter and spring months.  She experi- 
enced a  respiratory infection on April 8.  Following this the throat 
flora contained both strains of hemolytic streptococcus, the epidemic 
strain  and the one that had been carried.  During the  1st week in 
May the blood sedimentation rate rose to 66 man., returning to a nor- 
mal level  2  weeks later.  Like  the first child,  this patient  did not 
manifest definite evidence of activation of the rheumatic process. 
The first two patients of this group were probably constitutionally 
different from rheumatic subjects.  The last two patients in the past 
had behaved clinically like the three individuals who developed mild 
recrudescences.  Although infected with hemolytic streptococcus of 
the epidemic type, these two rheumatic subjects showed little or no 
change  in  antistreptolysin  titer  and  escaped  recrudescences.  (See 
Text-fig. 4, page 151, Paper II.) 
4.  Clinical  Histories of Patients Who Failed to Contract the Epidemic 
Hemolytic Streptococcus Infection.--Three children escaped all respir- 
atory infection and four children contracted only influenza during the 
epidemic  at  The  Pelham  Home.  None  developed any  rheumatic 
manifestations. 
Patients Who Escaped Both Influenza  and Also Secondary Infection 
with Hemolytic Streptococcus.--Three  children contracted no infection ALVIN  F.  COBURN  AND  RUTH  H.  PAULI  17,5 
whatever during the epidemic.  Two had been at The Pelham Home 
for 2 years and were known to be highly susceptible rheumatic subjects. 
During the period of subsiding rheumatism in 1932, their titers had 
been 500  units  (Kienzle) and 333  units  (Curnan).  Kienzle experi- 
enced  a  mild  recrudescence about  1  month  before  the  epidemic; 
Curnan had been entirely symptom-free for more than 1 year.  Neither 
developed any evidence of rheumatic activity during the epidemic of 
1934, and there was no significant increase of antibody.  The third 
patient, Hudson, was admitted to The Pelham Home 3 months before 
the epidemic with subsiding rheumatism.  She escaped influenza and 
did not develop symptoms or signs of pharyngitis although the epi- 
demic strain of hemolytic streptococcus appeared in her throat flora. 
The blood sedimentation rate fell to normal and the antistreptolysin 
titer remained constantly at a high level. 
Patients  Who Contracted Influenza  Yet Escaped Secondary Infection 
with  Hemolytic  Streptococcus.uFour  children  contracted  influenza 
during the first part of April, but appeared to escape streptococcus 
infection.  Libera had been clinically quiescent for one year, and had 
maintained an antistreptolysin titer of 143 units.  Kiernan had had 
chorea during the preceding summer.  Carroll had been admitted to 
The Pelham Home in  1931 with acute rheumatism and had experi- 
enced smouldering activity in 1932 with a titer of 1,000 units which fell 
to 250 units during 1933.  She was in good health at the beginning of 
spring in 1934 with a titer of 125.  G. Allen was admitted to The Pel- 
ham Home in the summer of 1933 with active rheumatism, running a 
constant titer of 500 units.  She regained good health during the fall 
and the titer fell to  143.  None of these individuals developed any 
clinical evidence of rheumatic activity following the epidemic in the 
spring of 1934. 
These seven patients were rheumatic subjects and in the past had 
been  susceptible  to infection.  None of them contracted hemolytic 
streptococcus infection during The Pelham Home epidemic although 
four had  influenza.  None developed a  high  antistreptolysin  titer 
and  none  had  rheumatic  recrudescences.  These  seven  individuals 
differed from the first group who contracted infections in only two 
recognizable  respects.  All  who  escaped  infection  carried  a  non- 
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one  exception their antistreptolysin titers had not returned to a natural 
level (5) at the onset of the epidemic.  (See Text-figs. 2  and  3,  page 
151, Paper II.) 
DISCUSSION 
This epidemic made it possible to observe the clinical reactions and 
anatomical changes in an isolated group of rheumatic subjects who 
were infected with hemolytic streptococcus of  a  single type.  The 
relative significance of infection, of environmental factors and of the 
state of the subject, ordinarily difficult to assess, can be estimated in 
this group. 
It was definite that an adequate diet, a  good state of nutrition, an 
even indoor temperature, proper clothing, freedom from exposure and 
sufficient rest did not prevent severe rheumatic disease.  Two of the 
intense attacks occurred in  children who had been at  The Pelham 
Home for a  long time and had regained excellent health.  Likewise, 
prolonged freedom from rheumatic activity seemed of no protective 
value, as severe attacks occurred both in children who had recently 
recovered and in those who had been quiescent for more than a year. 
In this particular group, age and the state of sexual development were 
entirely indifferent.  Two of the severe attacks, including one fatality, 
occurred  in  children  who  had  passed  puberty.  Furthermore,  no 
evidence was  found for  the  existence of  a  refractory  state  during 
quiescence of the rheumatic process.  All but two of the rheumatic 
subjects infected with the epidemic type of hemolytic streptococcus 
developed acute  rheumatism irrespective of  their  degree of  conva- 
lescence.  Those individuals who escaped infection with the epidemic 
strain were, with one exception, carriers  of hemolytic streptococcus 
and had at that time a moderately elevated antistreptolysin titer.  It 
is not known whether this is significant, and if so, whether it is perti- 
nent to those five patients admitted to The Pelham Home during the 
epidemic who had high antistreptolysin titers  (Text-fig.  1, page 149, 
Paper II), hemolytic streptococcus  in the throat flora and signs of active 
rheumatism.  The purpose of this study was to determine the conditions 
responsible for this outbreak of acute rheumatism in fourteen children, 
and to explain the failure of nine other susceptible subjects to develop 
recrudescences.  The occurrence of the outbreak seemed to be asso- ALVIN  1'.  COBURN  AND  RUTH  I~.  PAIILI  177 
ciated with a highly effective agent, infecting susceptible subjects and 
initiating an intense immune response.  The failure of seven individ- 
uals to contract infection with hemolytic streptococcus explains their 
escaping recrudescences.  It is difficult, however, to understand the 
two susceptible patients who appeared to be infected but remained 
symptom-free.  The only distinguishing feature of these two infections 
was that the antistreptolysin titer did not rise.  The development of a 
rheumatic recrudescence appears to depend not only upon the char- 
acter of the infectious agent, but also upon the ~mmune response of the 
host. 
SUM'M'ARY 
This study  of  an isolated  colony showed that  of  seven children  who 
escaped the epidemic streptococcus  infection  none developed rheu- 
matic symptoms; and that  of  seventeen children  who contracted the 
epidemic  streptococcus  infection,  fourteen  developed  acute  rheumatism 
and  three  showed  no  recognizable  rheumatic  manifestations. 
The seven children who failed to contract infection with Streptococcus 
hemolyticus showed clearly that  susceptible individuals may live in 
close association with an epidemic of acute rheumatism, develop no 
rise in antistreptolysin titer and maintain excellent health. 
The patient  with  congenital heart  disease  demonstrated  that  a 
non-rheumatic subject may be infected with a highly effective strain 
of hemolytic streptococcus, and develop a typical antibody response, 
yet escape all rheumatic manifestations. 
The two patients who, although infected with the epidemic strain, 
failed to show any antibody response, also failed to develop rheumatic 
recrudescences. 
Environmental, dietary, age and the other factors investigated did 
not appear to be significant in this outbreak of acute rheumatism. 
Three factors appeared to determine the development of the four- 
teen recrudescences: (1)  infection with a  highly effective agent;  (2) 
the disease pattern, peculiar to each rheumatic subject; (3) the inten- 
sity of the immune response of the patient as indicated by the rise in 
antistreptolysin titer. 
To the three nurses, Mary Kelly, Lucille Miller, and Ruth Colby, 
the care of the patients was entrusted.  Dr. Lucille Moore and Miss 178  IMMtrNE  RESPONSE O~  TI-IE RHEUMATIC SUBJECT.  III 
Eleanor M. Kapp assisted the authors in many ways.  The advice of 
Dr.  Alphonse  R.  Dochez  was  invaluable.  With  the  help  of  these 
associates  and  with  the  assistance  of  The  Kellogg  Foundation  the 
authors have been able to conduct the present studies. 
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EXPLANATION OF PLATES 
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FIG.  1.  Patient  Hallahan.  Loop  of  colon.  Mesocolon  was  studded  with 
hemorrhages,  which were confined to fatty tissues. 
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FIG. 2.  Patient H.  Allen.  (a)  Normal appearance.  (b)  Marked transitory 
edema of face appearing at onset of rheumatic activity and not related to cardiac 
failure. 
FIG. 3.  Patient Patterson.  Liver lobule showing  central necrosis  and poly- 
morphonuclear infi trafion abo.ut efferent vein. 
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FIG. 4.  Patient HaUahan.  Remnant of tonsillar  tissue under oil immersion, 
showing  intense  polyrnorphonuclear infiltration  about  Gram-positive  cocci  in 
chains. 
PIG. 5.  Patient Hallahan.  Tracheobronchial lymph node showing  capillary 
congestion with hemorrhage, and extensive edema and hemorrhage of the capsule. 
FIG.  6.  Patient  Patterson.  Lung  under  high  magnification.  Alveoli  filled 
with  coagulum  containing polymorphonuclear leucocytes and  clusters of large 
mononuclear cells.  Alveolar walls  lined with  eosinophilic,  hyaline membrane. 
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